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Abstract 
The aim of this research was to study the relationship between presence of termite and environmental variables in primary 
forest and adjacent oil palm plantation located in Sabah province, Malaysia. Termite sampling was conducted with 
manually dug and sorted soil pits (25 cm × 25 cm × 10 cm) at a minimum extent of 64 m and lag of 2 m. Logistic 
regression technique was used to analyze the collected data. In general, termite species richness and relative abundances 
are lower in oil palm plantation in comparison with primary forest. The result showed that probability of termite 
occurrences in primary forest are mainly related to dead woods, trees and non-predatory ants. Likewise, probability of 
termite occurrences in oil palm plantation was affected with the appearance of dead woods, pruned stacked fronds, non-
predatory ants and earthworms. This result indicated that pruned stacked fronds and dead woods play an important role of 
recovery of termite assemblages in oil palm plantation. 
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1. Introduction 
Termites have been recognized as the most important arthropod decomposers in tropical rain forests. There 
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are great influences of termite on soil structure, plant decomposition, nutrient availability and the stimulation 
of microbial activity [12]. Termites play an important role in the carbon cycle and carbon flux by emitting 
greenhouse gases such as carbon dioxide and methane. Nitrogen fixation has been demonstrated in all families 
of termites and most of the feeding types except for soil-feeders. To date, there has been extensive research on 
the contribution of termites to decomposition processes [18], their impact on soil properties [7], community 
response to habitat disturbance [10], and stimulation of microbial decomposer communities [14]. 
Oil palm-based industries have positive contribution to economic growth, reduced poverty and improved 
income equity which encourage massive conversion of forest into oil palm agriculture in Malaysia. The 
community ecology of termites at the local scale has been poorly studied in both the primary forest and oil 
palm plantation ecosystem, and there is little ecological processes operating within them. In contrast, 
substantial literatures [5, 10] have supported that termite species and composition decline when natural and 
semi-natural habitats are cleared. Therefore, termite assemblages are claimed to be sensitive indicators of 
anthropogenic habitat disturbance, and show characteristic change in species richness and functional group 
composition along disturbance gradients, including those imposed by logging and the conversion of natural 
forest ecosystems to plantations or subsistence crop field [10]. 
The logistic regression analysis was referred to as a discriminant analysis used to model the relationship of 
a binary dependent variable (yes or no, presence or absence) to metric or nonmetric independent variables 
[15]. However, logistic regression analysis is dissimilar with most discriminant function analysis where the 
predictors variables do not have to be normally distributed, linearly related, or of equal variance within each 
group [16]. Likewise, logistic regression analysis classifies to the group of generalized linear models that are 
characterized by their response distribution and a link function, which transfers the mean value to a scale in 
which the relation to background variables is described as linear and additive [3]. It is profound that logistic 
regression does not model the mean of dependent variables directly but rather models the mean as 
transformed by a logit link [8]. 
2. Materials and Methods 
This study was conducted in Lahad Datu region located at the eastern part of Sabah, Malaysia. Two study 
sites had been selected which were Lipad Virgin Jungle (LVJ) (5°12.60’N, 118°30.58’E) situated in Tabin 
Wildlife Reserve (TWR) and the adjacent Permai Oil Palm plantation (POP) (5°08.64’N, 118°28.28’E) that 
was converted into plantation in 1987. Termites sampling was conducted from pits dug and sorted with the 
size of 25 cm × 25 cm × 10 cm deep which is a standard grain size demonstrated to efficiently capture 
termites [5, 9]. Pits were sampled at a lag of every 2 m × 2 m and to an extent of 64 m × 64 m made up a total 
of 1024 pits located at each sampling site and pits were assigned with Cartesian x-y coordinates. When 
termites were encountered, a representative sample of each species were collected and stored in 95% alcohol, 
collecting both worker and soldier termites when they were present to facilitate identification. Termites were 
identified to species or morpho-species using available taxonomic literature [17] and the reference collections 
of ITBC BORNEENSIS. Ants collected from soil pit were identified using keys [1, 6]. Earthworms 
encountered in soil pits were recorded as well during the sampling period.  
The environmental variables were recorded according to the study site. Within a 2 m × 2 m area around the 
pit in primary forest, any active or inactive mounds, standing woods with > 5 cm diameter at breast height 
(d.b.h.) of trees > 5cm, presence of dead woods as well as presence of leaf litter on the soil pit were recorded. 
Likewise, within a 2 m × 2 m area around the pit in oil palm plantation, any active or inactive mounds, 
presence of dead woods, presence of grass as well as presence of pruned stacked fronds were recorded. 
The data collected were analysed using the logistic regression analyses performed using SPSS version 11.5 
[2]. In order to select the best set of predictors, the method of backward elimination was used in this study 
55 Wong Mum Keng and Homathevi Rahman /  APCBEE Procedia  4 ( 2012 )  53 – 57 
[13]. This method was performed by sequentially dropping those covariates or predictors that did not seem to 
be significantly associated with the response variable starting from a saturated model until all predictors were 
significantly associated with termite occurrences. The general logistic regression model was: 
Logit (Y)=  + 1X1 + 2X2 +...+ kXk   (1) 
Where Y = dependent variables; X = independent variables;  = intercept and  = coefficient.  
3.  Results and Discussion 
A total of 29 species, comprising 18 genera and four subfamilies of termites were collected in this study 
(Table 1). Of these, 26 termite species were collected in the Lipad Virgin Jungle (LVJ) whereas nine species 
of termites were encountered in Permai Oil Palm Plantation (POP). The Termitinae was the most species-rich 
taxonomic group in LVJ (12 species) whereas Nasutitermitinae recorded the most species found in POP (3 
species). In general, termite relative abundance was higher in LVJ (305 hits) compared to POP (191 hits). By 
contrast, Mirocapritermes connectens was most frequently found (37 hits) in LVJ but they were absent in 
POP. It is also apparent that Odontotermes grandiceps was most frequently found in POP which recorded 69 
hits compared to only 16 hits recorded in primary forest. As one of the fungus growing termites, 
Odontotermes sp. showed high abundances in oil palm plantation which was explained by their ability to 
endure environmental changes as ecosystem engineers [11]. The majority of species from subfamily 
Termitinae were poorly represented in the oil palm plantation that only constitute 4.7 % of total relative 
abundances. The soil feeding termites from subfamily Termitinae, Dicuspiditermes, Malaysiocapritermes, 
Oriencapritermes and Procapritermes are the most significant taxonomic group missing from the oil palm 
plantation area.  
Results from our study indicated dead woods, trees and non-predatory ants significantly affect (P < 0.05) 
termite occurrences in primary forest (Table 2). Probability of termite occurrences is 0.171 in primary forest 
(holding all environmental variables constant at the value of their sample mean). The presence of dead woods 
and trees increased the probability of termite occurrences to 0.282 and 0.218 respectively. Nevertheless, the 
presence of non-predatory ants will reduce the probability of termite occurrences to 0.117. Therefore, from 
table 2 the fitted model for primary forest is:  
Logit (termite occurence)= -1.573 + (0.637 × dead woods) + (0.297 × trees) + (-0.447 × non-predatory 
ants)   (2) 
For the oil palm study site, probability of termite occurrences is 0.065 with other environmental variables 
constant at the value of their sample mean (Table 3). In contrast, presence of dead woods and pruned stacked 
fronds tend to increase termite probability to 0.418 and 0.532 correspondently. Conversely, presence of non-
predatory ants and earthworms will decrease the probability of termite occurrences to 0.031 and 0.042 
individually. Hence the fitted model for oil palm is: 
Logit (termite occurence)= -2.662 + (2.333× dead woods) + (2.789×proned stacked fronds) + (-0.770×non-
predatory ants) + (-0.475 ×earthworms)   (3) 
This is the first attempt to model the occurrences of termites to environmental variables. Logistic 
regression analysis predicted that probability of termite occurrences increases with the presence of dead 
woods and pruned stacked fronds in oil palm plantation. The success of conserving wood debris in plantation 
possibly accelerates the recovery of termite assemblage [10] which subsequently influence the soil nutrient 
cycling in situ but it deserves more attention in future study of oil palm soil nutrient recovery and regeneration.  
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Table 1. Composition, abundance (‘hits’, i.e. encounters with a species) and feeding group of termite species collected from Tabin 
Wildlife Reserve sites. LVJ, Lipad Virgin Jungle; POP, Permai Oil Palm Plantation; FG, Feeding group; S, soil  feeders; W, wood 
feeders; S/W, soil/wood interface feeders; L, litter feeders. 
Family Subfamily Species LVJ POP FG 
Rhinotermitidae Rhinotermitinae Coptotermes curvignathus 1 W 
  Parrhinotermes aequalis 1  W 
  Schedorhinotermes javanicus 7 11 W 
  Schedorhinotermes medioobscurus 14 13 W 
Termitidae Macrotermitinae Macrotermes gilvus 15 6 L(F) 
  Macrotermes latignathus 22  L(F) 
  Macrotermes malaccensis 15  L(F) 
  Macrotermes sp. 20 2 L(F) 
  Odontotermes grandiceps 25 76 L(F) 
 Nasutitermitinae Aciculitermes sp. 1 4 6 S 
  Aciculitermes sp. 2 3  S 
  Aciculitermes sp. 3 5  S 
  Bulbitermes constrictus 19 17 W 
  Bulbitermes flavicans 8  W 
  Havilanditermes atripennis  51 W 
  Nasustitermes longinasus 15  W 
 Termitinae Dicuspiditermes nemorosus 10  S 
  Dicuspiditermes paramakhamensis 3  S 
  Dicuspiditermes sp. 5  S 
  Malaysiocapritermes prosetiger 8  S 
  Microcerotermes serrula 11  W 
  Mirocapritermes connectens 37  S 
  Oriencapritermes sp. 13  S 
  Pericapritermes dolichocephalus 4  S 
  Pericapritermes latignathus 2  S 
  Pericapritermes nitobei  1 S 
  Pericapritermes paraspeciosus   3 S 
  Pericapritermes sp. 13 5 S 
  Procapritermes atypus 2  S 
  Procapritermes neosetiger 7  S 
  Procapritermes sandakanensis 6  S 
  Prohamitermes hosei 6  S/W 
  Termes borneensis 1  S/W 
  Unidentified soil feeding termite 3  S 
Total number of ‘hits’ 305 191  
 
Table 2. The coefficient of logistic regression model for termites’ occurrences with environmental variables in  Lipad Virgin Jungle. 
Variables Coefficient  Exponent 
(odds) 
Probability Standard 
Error 
P Value Significance 
Dead woods 0.637 1.890 0.654 0.156 0.000 * 
Leaf litters 0.549 1.732 0.634 0.657 0.403 NS 
Mounds 0.032 1.033 0.508 0.177 0.855 NS 
Trees 0.297 1.346 0.573 0.148 0.045 * 
Predatory ants -0.247 0.781 0.439 0.176 0.159 NS 
Non-predatory ants -0.447 0.640 0.390 0.148 0.002 * 
Earthworms -0.253 0.777 0.437 0.169 0.136 NS 
Intercept -1.573 0.207 0.171 0.662 0.017 * 
*= Regression is significant at p<0.05 and NS= Non Significant  
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Table 3. The coefficient of logistic regression model for termites’ occurrences with environmental variables in Permai Oil Palm 
Plantation. 
Variables Coefficient  Exponent 
(odds) 
Probability Standard 
Error 
P Value Significance 
Dead woods 2.333 10.310 0.912 0.550 0.000 * 
Pruned stacked frond 2.789 16.261 0.942 0.224 0.000 * 
Mounds 41.015 6.5E+17 0.999 1.3E+8 1.000 NS 
Predatory ants -0.467 0.627 0.385 0.256 0.069 NS 
Non-predatory ants -0.770 0.463 0.316 0.205 0.000 * 
Earthworms -0.475 0.622 0.383 0.237 0.045 * 
Grass 0.346 1.413 0.586 0.220 0.116 NS 
Intercept -2.662 0.070 0.065 0.266 0.000 * 
*= Regression is significant at p<0.05 and NS= Non Significant  
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